The spectra of the flames of hydrogen, methane and carbon monoxide burning with oxygen and with nitrous oxide have been photographed in the region 6000-10,000 A. All flames in which water is a final product show a system of emission bands from the red to the far infra-red, the bands increasing in strength to longer wave-lengths. Outstanding heads have been observed at AA6165, 6457, 6919, 7164, 8097, 8916, 9277 and 9669. It is shown that these bands are due to the vibration-rotation spectrum of H20 . The top of a flame of oxygen burning in hydrogen is coloured red by the emission of these bands. In the hydrogen flame the bands are probably excited mainly thermally, but the strength of these same HaO bands in the flame of moist carbon monoxide indicates that in this flame the excitation is a result of the combustion processes; this agrees with earlier theories on the formation of vibrationally activated molecules of COa in this flame. In the hydrogen-nitrous-oxide flame new band structure in the infra-red is provisionally assigned to an extension of the ammonia a band. The methane-nitrous-oxide flame also shows the ammonia a band, and in addition strong emission of the red system of CN.
Introduction
The spectra of most ordinary flames have been investigated, at least qualita tively, in the visible and near ultra-violet regions of the spectrum, th at is, roughly from 2000 to 7000 A. The spectra of the more common flames (hydrogen, carbon monoxide, methane) have also been studied in the far infra-red beyond 1 p (10,000 A), but the region between 7000 and 10,000 A appears to have been almost entirely neglected. This is, no doubt, largely because of the fact th at flames are regarded as relatively feeble sources of light, and plates sensitized to the infra-red are relatively slow.
It has been shown by Kitagawa (1936) that the flame of oxygen burning in hydrogen emits some faint bands in the visible region, principally in the red. These bands were tentatively attributed to the vibration-rotation spectrum of the water molecule. This assignment of the bands is shown, by the present work, to be correct, but did not at the time appear very convincing to the author. If the bands, which were also observed by the author in an ordinary oxy-hydrogen flame, were really due to the vibration-rotation spectrum of water, then it seemed th at addi tional stronger bands should be observed in the photographic infra-red. Fortunately a large aperture spectrograph giving reasonable dispersion with high light-gathering power was available, and so it was decided to attem pt a study of the spectrum of the oxy-hydrogen flame in the near infra-red with a view to checking whether the bands reported by Kitagawa in the visible were connected with the known vibra tion-rotation spectrum of water in the far infra-red.
I t was at once found th at the emission from the oxy-hydrogen flame was un expectedly strong in the photographic infra-red, and satisfactory plates showing new band structure could be obtained with exposures of only a few minutes even down to 10,000 A. The investigation of a number of other flame spectra, including flames maintained by nitrous oxide, was then undertaken, and the results are presented here. The spectra of the various flames used were also photographed in the visible region, and some new features of flames maintained by nitrous oxide are also pointed out.
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Most of the flames whose spectra are described here were of pre-mixed gases burning at an ordinary blow-pipe jet; it may be assumed th at all flames were of this type unless stated to the contrary. For flames of one gas in another (e.g. oxygen burning in hydrogen) a burner consisting of two vertical concentric quartz tubes of internal diameters 3 and 30 mm. was used. The base of the larger tube was closed by a metal fitting, through the centre of which the smaller tube could be slid, and through which three holes were drilled for the entry of the gas sup porting the combustion. When the supporting gas was itself inflammable (e.g. hydrogen) the excess was burnt at the top of the larger tu b e; when the supporting gas was not inflammable a steel cap with a small hole through it was fitted over the top of the outer tube to reduce back draughts of air.
The large aperture glass prism spectrograph was used for most of the work. This instrument has a focal ratio of about 1 : 4 and the dispersion, in the adjust ment used, which was slightly off minimum deviation to increase the dispersion, varied from 90 A/mm. at 6000 to 300 A/mm. at 10,000 A. The instrument was found to be transparent to about 10,000 A; a few lines of the comparison spectrum were observed beyond this, but only weakly, although some of the photographic plates used were believed to be sensitive even further into the infra-red.
For some of the investigations a grating-on-prism spectrograph giving a disper sion of about 25 A/mm. was used. This instrument was only suitable for wave lengths shorter than 8000 A. Some observations were also made on a large Littrow type glass prism spectrograph; this gave a dispersion of 18 A/mm. at 7160 A, but long exposures were required and some difficulty was experienced with temperature control, although one useful spectrogram (plate 7, x) was obtained.
The ordinary iron arc was not found to be a suitable comparison spectrum for the infra-red when working with small dispersion, continua from the hot poles and band structure tending to obscure the line spectrum. For the region 6000-8500 A a neon glow lamp was used for most of the work. This was a rather faint but very simple and reliable source for use as a comparison spectrum. For work further into the infra-red a barium arc (barium nitrate on carbon poles) was selected after various trials. This source gave a relatively small number of very strong lines in the infra-red and was not marred by continuous emission. Wave-lengths measured by Harrison (1939) were used. This barium arc appears to be suitable as a com parison spectrum, when working with small dispersion, for all wave-lengths between 5800 and 10,000 A.
A large variety of photographic plates were used to cover the region 5000-10,000 A. The types used are indicated in the description of the spectrograms reproduced. In some cases plates were sensitized before use by bathing in ammonia (60sec. in 4 %). Caustic hydroquinone developer was used; this gave high contrast.
The oxy-hydrogen flame
It is well known that the oxy-hydrogen flame shows strong OH bands in the near ultra-violet and a weak continuum throughout the visible, the origin of this continuum being the subject of investigations at present being conducted by the author. In addition, it has also been found that there are a number of weak bands at the red end of the visible spectrum; these appear to be identical with the bands observed in the flame of oxygen burning in hydrogen and described by Kitagawa (1936); Kitagawa's measurements, which are probably more accurate than those of the author, are reproduced in table 1. ctra in the photographic infra-red 199 These bands, as obtained by the author in the flame of oxygen burning in hydrogen are shown in plate 6, b, and as obtained in the oxy-hydrogen flame in plate 7, i. The bands at 6165 and 6457 appear outstanding as heads of groups.
By focusing an end-on image of a powerful oxy-hydrogen flame on to the slit of the large aperture spectrograph it was possible to record the spectrum in the region 7000-10,000 A satisfactorily with exposures of from £ to 10 min., the exposure times in the region 9000-10,000 A being about the same as that required for the barium arc comparison, a striking demonstration of the strength of the infra-red emission from the flame. Spectrograms of the oxy-hydrogen flame are reproduced in plate 7, strips a-h. The wave-lengths and intensities of the out standing features of the bands are collected in table 2. Even with the small dispersion of the large aperture instrument it can be seen that the bands possess a fine structure, and are not all identical in appearance, the 7164 band possessing a much sharper head than the 8097 band. The intensity estimates are based on inspection of spectra on various types of plate, but are not in any sense quantitative as it was necessary to use several types of plate to cover the region and their sensitivity changed rapidly with wave-length; in particular, all the plates used had very low sensitivity at 7000 A, and this made an estimate of the strength of the 6919 A band difficult.
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A photograph of the 7164 band was obtained on the large Littrow type spectro graph (plate 7, x) and this shows the rotational structure of the band p resolved. Table 3 gives the wave-lengths, wave numbers (in cm.-1 in vacuo) and intensities (visual estimates) of the individual lines of this band. These measure ments should be reliable to better than 0-5 A or 1 cm.-1. 
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In addition to these bands and the faint continuous background, the only regular features of the spectrum were the lines of sodium and potassium (5890, 5896; 7665, 7699) , but the presence of these elements was not likely to be connected with the observed bands. Occasionally dust from the air introduced the calcium oxide bands into the visible spectrum, but a check experiment in which calcium salts were deliberately introduced indicated that the infra-red band spectrum was not associated with calcium. The strong occurrence of the bands in the flame of oxygen burning in hydrogen (i.e. in the absence of nitrogen) appears to limit the emitter to a molecule consisting of oxygen and hydrogen only. I t will now be shown that the bands are indeed due to the vibration-rotation spectrum of water. ctra in the photographic infra-red 201
The vibration-rotation spectrum of water
Water vapour shows strong absorption in the infra-red, and with sufficient thickness, e.g. atmospheric absorption, the bands of this vibration-rotation spectrum can be followed right up to the middle of the visible spectrum. The bands have been studied by a number of investigators, and Mecke and colleagues Baumann & Mecke 1933; Freudenberg & Mecke 1933) have published detailed measurements and analyses of these absorption bands.
Comparison of the flame bands with the absorption bands shows at once that the bands lie in the same regions of the spectrum, but th at they are not identical in detail. This is undoubtedly because of the big difference in temperature between the two sources, the absorption measurements being made at atmospheric tempera ture, while that of the flame exceeds 2000° C. In absorption the strongest lines are those with low rotational energy near the origin of the band, the strong line structure being centred around the origin and not extending to form definite heads. In emission the very high temperature favours lines of much higher rotational energy, and consequently the band extends farther from the origin in both direc tions and the lines of the multiple R branches are able to reach a turning point and form a head on the short wave-length side. In table 4 the heads of the flame bands are compared with the origins of the absorption bands and with the shortest wave-length lines of appreciable intensity observed by Mecke; it may be noted that for some bands Mecke records very weak lines extending beyond the head of the flame bands, and that, especially for the 7164 band, weak fines in this region are also observed in emission; these fines belong presumably to weaker satellite branches.
The intensities of the emission and absorption bands are qualitatively in close agreement. The very weak absorption band with origin at 7957 A has not been observed in emission; the absorption band at 6324 A is very weak, but the high sensitivity of the photographic plates in this region favours its observation in emission; the other absorption bands observed by Mecke with origins at 5952, 5924 and 5722 are probably present in emission, as indicated by Kitagawa's measurements, but the structure is too complex to assign individual heads to these bands. The moderately strong emission head at 9669 A does not appear to corre spond to any observed absorption band; all the absorption bands involve the ground vibrational level (0, 0, 0), and it is likely that, in emission, transitions will take place to other vibrational levels ; the 9669 band falls approximately into the position expected for the heads of the transitions (1, 3, 0) to (0, 1, 0), (1, 3, 1) to (0, 1, 1) and (1, 1, 2) to (0, 0, 0). It is probable that the apparent doubling of many of the band heads is due to the superposition of these transitions to higher vibrational levels, each absorption band being replaced in emission by a sort of sequence. For the 7164 band, the measurements of the partially resolved rotational fine structure enable a more detailed comparison to be made with the 7227 absorption band. In the region of the origin there is no agreement, as is to be expected on account of the different temperatures of the sources. Near the head of the band it is, however, possible to identify a number of fines, as indicated in table 5. I t will be seen that the agreement is well within the accuracy of the author's measure ments, and indeed is sufficiently systematic to indicate that the present measure ments are about 0-2 A too high. It is also possible to establish a measure of correla tion between the fines in emission and absorption at the long wave-length end of the band, and to form most of the strong fines at the long wave end of the emission band into an extension of Mecke's P branch. Also it is possible to extrapolate the fines of the .R branches, observed in absorption, to the turning point corresponding to the head of the band; this gives a value of 7162 + 3 A, which agrees well with the observed head at 7164*5 A. I t is thus clear that the new emission bands in the oxy-hydrogen flame form part of the vibration-rotation spectrum of water. I t may be noted th at the strongest band with head at 9277 A, which with the 9669 band extends to about p,recorded b thermopile measurements on flame spectra, thus linking the bands observed photo graphically with the known infra-red emission of water vapour in flames.
The flame of oxygen burning in hydrogen
The flame of oxygen burning in hydrogen has a bright blue base, and is sur rounded by a red mantle. This red mantle is very definite and it is surprising that there does not appear to be any record of its being observed before. The mantle is particularly strong when the supply of hydrogen is reduced, so that it is only in slight excess of that required for the complete combustion of the oxygen; the reason for this is probably that a fast flow of hydrogen, which has a high thermal conductivity, cools the flame. In these experiments the mantle was observed to extend for from 1 to 3 cm. above the main blue flame, the red dying out gradually without any sharp edge. A spectrogram of the flame, taken on a long range spectrum plate, is shown in plate 6, a. It will be seen that the blue base of the flame shows a con tinuum throughout the blue part of the spectrum which dies out about half-way up the flame. The new water emission bands extend, however, throughout the whole length of the flame, decreasing in intensity with height. The red mantle is obviously produced by this emission of the vibration-rotation spectrum of water.
This water-vapour emission appears to be largely thermal in character for flames of oxygen and hydrogen. This is indicated by the effect of excess hydrogen in cooling the flame and so reducing the red mantle, an effect which can less readily be explained if the excitation were chemical. The red glow extends for over a centimetre, and as the rate of flow of gas in most of the experiments was only around 50 cm./sec. it would be necessary to assume a life of over sec. for the vibrationally excited molecules if the emission were attributed to chemical causes. There does not appear to be any evidence from measurements of supersonic dispersion that water vapour possesses any relaxation time comparable with this.
The •flame of hydrogen burning in oxygen is also blue, but does not show the red mantle nearly so clearly. Photographs of the spectrum of the flame do reveal, however, that the emission of the new water bands in the photographic infra-red extends slightly above the blue continuum.
The hydrogen-nitrous-oxide flame
The visible and ultra-violet spectra of flames of hydrogen burning with nitrous oxide have been described by Dixon & Higgins (1926) and Fowler & Badami (1931) . With pre-mixed gases the flame has a non-lumipous outer cone, which shows the OH bands, and a brightly luminous yellow cap to the inner cone. The spectrum of this yellow cap shows bands in the ultra-violet due to NO system) and NH, and in the visible a complex many-line structure which was identified by Fowler & Badami with the ammonia a band (Rimmer 1923 ) which is probably emitted by the radical NH2. This structure may be seen in plate 7, j. It may be noted that,
Vol. 181. A.

Flame spectra in the photographic infra-red 203
in the plate, structures at about 6300 and 6330 A are very outstanding. These appear to vary somewhat in intensity from plate to plate, and the explanation of this is not obvious. The structures do not appear to coincide with any lines or bands which might be expected as impurities. I t may be th at the structures are not of the same origin as the rest of the a band, or th at for some reason they are particularly sensitive to changes in the temperature of the flame. As the proportion of nitrous oxide in the pre-mixed flame is increased the yellow cap to the inner cone becomes less noticeable, and the whole flame assumes a greyish green colour. The spectrum of the flame then appears to be continuous. The colour of the flame closely resembles that of the air (or so-called oxygen) afterglow. As already stated, a study is at present being made of the cause and nature of continuous spectra in flames.
In the infra-red the flame, in the condition when the yellow cap to the inner cone is prominent, shows strongly the new bands attributed to water a t 7164, 8097, 8916, 9277 and 9669 A, as may be seen from strips l, m, n and of the plate.
In addition the inner cone shows some other structure, apparently with open rotational spacing, which is strongest in the nearer infra-red, extending to perhaps 8400 A, but is absent, or at any rate weak beyond this. The most obvious feature is an apparent head, degraded to the violet, at 7350 A. A series of lines or maxima of intensity at about AA 7099, 7166, 7207, 7241, 7274, 7304, 7329 close up to form this head at 7350 (see strip l). There is also band structure between 8200 and 8270 A superposed on the new water band (see strip m) and other weak band structure throughout this region. I t seems likely th at it is due to an extension of the ammonia a band.
With excess of nitrous oxide, when the flame is greyish green in colour, these bands in the infra-red, like the ammonia a band in the visible, are replaced by con tinuous spectrum. See strips q and r compared with m and n. The new water bands are definitely weaker under this condition, and the bands a t 7164 and 8097 were barely observed against the continuous spectrum, but the stronger bands at 8916, 9277 and 9669 A were still easily recognisable despite the continuum, which extended even to these long wave-lengths (see plate 7, r).
The flame of nitrous oxide burning in hydrogen also showed this continuum, and the infra-red bands due to water, but the ammonia a band was not observed. The flame of hydrogen burning in nitrous oxide showed only continuous emission.
204
A. G. Gaydon
The carbon-monoxide-oxygen ft, a me
The visible and ultra-violet spectrum of the carbon monoxide flame was studied by Weston (1925) and later by Kondratjew (1930) and the author (1940) . The blue flame shows strong emission consisting of numerous close bands, which are so merged as to appear almost continuous; the emission is strongest in the blue and violet, but extends weakly from the red to far in the ultra-violet (2500 A). The OH bands are very persistent and can only be eliminated, in the case of the flame at atmospheric pressure, by the most careful drying.
With carbon monoxide which has been stored in steel cylinders weak iron lines and FeO bands are observed in the spectrum, the latter being sometimes so strong as to cause the flame to become yellow and resemble a luminous ' carbon-deposition ' type of flame. The iron (in the form of the carbonyl) can be removed by passing the gas through a heated tube packed with broken porcelain. This was done with great care in all these experiments as bands due to FeO are also known in the infra-red (Pearse & Gaydon 1941) . Comparison plates in which iron was deliberately allowed to be present, so as to show these infra-red bands, were also taken to eliminate any risk of their being spuriously attributed to the flame of the pure gas.
Throughout the photographic infra-red the carbon-monoxide-oxygen flame did not show any distinctive new feature. There was a certain amount of continuous emission in the shorter wave-length part of the region studied. With the small dispersion used it was impossible to say whether this was truly continuous or was an extension of the faintly banded spectrum which is so strong in the blue and violet. In addition the new water bands were present; they were, of course, less strong than in the hydrogen flame, but were considerably stronger than might have been expected from calculations of the amount of moisture present. The bands at 7164 and 8097 A were definitely present although slightly masked by the continuum. The bands at 9277 and 9669 A showed up clearly. In the reproduction (plate 7, 0) the head at 9277 A is outstanding; the plate used for this spectrogram was Kodak type 144 Q, and the 9669 head does not show up as clearly with this type of plate as on type 144 M; other spectrograms, which are not reproduced, show that the 9277 and 9669 bands had about the same relative intensity as in the hydrogen flame.
In view of the apparently surprising strength of these water bands in the carbon monoxide flame some approximately quantitative estimate of the relative strength of the bands in the carbon monoxide and hydrogen flames seemed desirable. Accordingly a series of exposures with the same slit width were taken for the two flames, the exposure times and approximate gas flows being noted. Exposures of about 30 and J min. for the carbon monoxide and hydrogen flames, respectively, were required to lightly record the 9277 A band. The consumption of carbon monoxide was about 0*7 cu. ft./hr., and of hydrogen about 12 cu. ft./hr. The pressure of the gas in both the oxygen and carbon monoxide cylinders during these experi ments was about 20 atm. If it is assumed that the gases in the cylinders were saturated with water at room temperature (around 15° C.), then from the vapour pressure of water at that temperature it follows that the gases would contain about 0-09 % by volume of water vapour. With the oxy-hydrogen flame two parts of hydrogen will combine with one of oxygen to give two of water vapour, so that the amount of moisture formed would represent 67 % of the volume of gases burnt. From these figures it follows at once that each molecule of water in the carbon monoxide flame emits about 100 times as strongly as each molecule in the hydrogen flame, a rather remarkable result.
In these experiments the carbon monoxide flame was shielded from air, in order that moisture in the air might not invalidate the results. The numerical value obtained cannot be of high accuracy; first, the measurements of intensity were Flame spectra in the photographic infra-redsomewhat rough; secondly, the sensitization of the plates with ammonia probably varied somewhat; thirdly, the temperature of the two types of flame was very different, the oxy-hydrogen flame being presumably much hotter; fourthly, the flames were of different shape and size. Nevertheless, the result, of the order 100, clearly indicates that each water molecule present in the carbon monoxide flame does radiate much more strongly than corresponding molecules in the hydrogen flame. This agrees with observations by Garner and colleagues (see Gaydon 19426) on the spectra of explosion flames in the far infra-red.
Thus it is clear that the radiation of the vibration-rotation spectrum of water from the carbon monoxide flame is not thermal in character. It must result from the chemical process of the combustion. The important effect of water on the combustion of carbon monoxide is well known. At high concentrations of water the combustion probably takes place almost entirely through the maintenance of the water-gas equilibrium. At small concentrations of moisture the catalytic action of the water is very marked and recently (Gaydon 1940 (Gaydon , 1941a it has been suggested that, in the combustion of carbon monoxide, vibrationally activated molecules of carbon dioxide are formed. These have a com paratively long life on their own, but are quickly restored to equilibrium by water molecules. The release of the energy stored in the vibrationally activated molecules, and the accompanying suppression of the abnormal dissociation of the carbon dioxide, results in more energy being available for the maintenance of the com bustion. In the present experiments we have therefore additional proof that water can remove the energy of the carbon dioxide molecules, being itself activated in the process, but quickly losing the energy so acquired either by collision or by radiation, giving the strong emission of the vibration-rotation spectrum of water which is in fact observed from the carbon monoxide flame.
The carbon-monoxide-nitrous-oxide flame
The flame of carbon monoxide burning in nitrous oxide was also studied by Weston (1925) , who found that the spectrum was similar to that of the ordinary carbon monoxide flame, showing the same faintly banded structure in the blue and violet. The OH bands also appear strongly on Weston's published plate, indicating that they are persistent in the flame with nitrous oxide as in the flame with air or oxygen, and therefore probably showing that water is again of importance in the reaction process. The similarity of the flames in nitrous oxide and oxygen is, however, certainly not the whole truth. The carbon-monoxide-oxygen flame is a clear blue, whereas the flame of either carbon monoxide burning in nitrous oxide or the pre-mixed carbon-monoxide-nitrous-oxide flame is of a very different colour which is rather difficult to describe, but resembles that of a London fog more nearly than the sky blue of the flame with oxygen. It is probable that the colour of the flame with nitrous oxide is partly determined by the normal carbon monoxide flame spectrum, and partly by a greyish green continuum similar to that shown by the flame of hydrogen burning with excess of nitrous oxide.
Throughout the photographic infra-red the pre-mixed flame was found to show only some continuous spectrum together with the new water bands (see plate 7, s), which were of about the same strength as in the carbon-monoxide-oxygen flame containing a similar amount of moisture; the continuous emission was rather stronger from the flame with nitrous oxide.
The author is unaware of any experiments on intensive drying of carbonmonoxide-nitrous-oxide mixtures to see whether the presence of moisture is as important to the combustion as it is with carbon-monoxide-oxygen mixtures. The persistence of the OH bands in the spectrum of the flame, and now the observation of a similar persistence of the new water bands seems to show that the presence of water is again important. In the combustion with nitrous oxide it is not possible to invoke the maintenance of the normal water-gas equilibrium to explain the action of water in promoting the combustion. The considerations previously put forward to explain the afterburning and catalytic action of water in the combustion with oxygen (Gaydon 1940 (Gaydon , 1941a will, however, still apply to the combustion with nitrous oxide. In the formation of c'arbon dioxide from carbon monoxide it will still be true that an electronic rearrangement of the newly formed C0 2 molecule must occur, and this must again lead to the formation of vibrationally activated molecules. These will then be readily deacti vated by collision with water molecules, so setting the energy free to maintain the combustion and at the same time giving proof of the process by the emission of the vibration-rotation spectrum of H20 . ctra in the photographic infra-red 207
The oxy-methane flame
The spectrum of the ordinary oxy-methane flame is well known in the visible and ultra-violet. The inner cone shows strong bands due to C2, CH and OH, with a weaker system of bands now known as the hydrocarbon flame bands, which are probably due to HCO (Vaidya 1934 , 1941 Gaydon 1942a ). The outer cone shows the OH bands strongly, and some of the faintly banded structure characteristic of the carbon monoxide flame.
In the photographic infra-red both the inner and outer cones of the flame were found to show strongly the new bands attributed to the vibration-rotation spectrum of water. The 9277 and 9669 A bands may be seen in strip t of plate 7. All the bands appear to be identical in appearance with those observed in the oxy-hydrogen flame, and no difference in relative intensity of the bands was obvious, although it must be admitted that such a difference would be difficult to detect because of the need to observe most of the bands separately on different types of photographic plate.
It may be noted here that Bailey & Lih (1929) recorded observing the water band at 0-95 fi in a hydrogen flame, and at 0*94 with coal-gas in a Bunsen or Meker burner; they did not record the band in a methane flame. Since the band has a sharp head at 9277 A and the maximum of intensity is in this head, it is rather surprising that they record a variation in the wave-length of the band. For the bands further in the infra-red, which correspond to smaller changes of vibrational quantum number, and therefore to smaller changes of the moment of inertia, it is possible that the heads are less well developed, and that the wave-length of the intensity maximum of the band may vary with the flame temperature. There does not, however, appear to be any evidence of this effect for the bands in the photo graphic infra-red.
The methane-nitroxjs-oxide flame
The spectrum of the methane-nitrous-oxide flame does not appear to have been described in detail. Dixon & Higgins (1926) have described the appearance of this and other hydrocarbon flames in nitrous oxide, and Barratt (1920) , in discussing the origin of the cyanogen bands, noted that a coal-gas-nitrous-oxide flame showed the violet bands of CN and the NH band as well as the usual OH, CH, and C2 Swan bands. In the present investigations of the visible spectrum of the methane-nitrous-oxide flame it has been found that the inner cone shows the CN violet bands strongly, the Swan bands of C2, the CH bands, and in addition the ammonia a band. This a band can clearly be seen in strip k of plate 7; com parison of this with strip j, which shows the hydrogen-nitrous-oxide flame, reveals a difference of intensity of the structures at 6300 and 6330 A which has already been commented upon; however, other plates taken of the flames with the grating-on-prism spectrograph do not reveal this marked diffferenee in intensity.
In the infra-red the spectrum of the outer cone is identical with th at of the hydrogen flame, showing only the new water bands (see plate 7, w). The inner cone also shows the water bands, but in addition strong bands belonging to the red system of CN are present. These bands have several heads; the R2 heads of the strongest bands (from Asundi & Ryde 1929) are at 7874 (1, 0), 8067 (2, 1), 9140-5 (0, 0) and 9393 (1, 1). They can be seen in strips u and v of the plate. The relative weakness of the red cyanogen bands, compared with those of the violet system, in flames has recently been commented upon (Gaydon 19426) ; it now appears that this is probably more apparent than real, the strong bands of the red system lying in the region of the infra-red which has not previously been studied.
It is a pleasure to express my thanks to Professor A. C. Egerton for his interest in the work and for many helpful discussions.
